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ABSTRACT 

Reactions were carried out leading to the addition of 5 amino tetrazole 
to one and more molecules of acrvlonitrile, -zhe effectiveness of various 
catalysts uvon the addition was studied. The order of cyanoct'y.ation at 
the acid and anine hydrogens of the 5 amino tetrazole was determined, Ite 
reaction products of the addition reactio:.s were characterized. 

The writer wishes to express his aporeciation for the invaluable 
assistance rendered by lioctor Ronald A. Fenry and Voctor Willian G, 
Mannescan of the Naval Crdnance Test Station dt rine his intr>acvetion tog. 
field of tetrazole chemistry, and to Professors John W, Scrultv, “eorge ll, 
MeFarlin, and Richard A. Peinhardt for their expert assistance and sure 


gestions throushout the period that work on this thesis was continuin’, 
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i Introducticn 

Acrylonitrile underpoes acdition reactions with a wide variety of 
oreanic comoouUnds Containing an active Pyecroren ator. In this -arieition 
the carbon-carbon double bond in acrylonitrile has about the same reacti- 
vity as the carbon-oxygen double bond in seeeaiichyae The addition of a 
compound to the double bond of acrvlonitrile results in the introduction 
into the compound of a cyanoetl.yl frouo, hence the react_on is referred 
to aS cyanoethylation. Among the comoounds having a labile hy¢rorer which 
add to acrylonitrile are: 

(a) Those containine the -NH-group, such 4s primary and secondary 

amines, amices, imides, and lactams. 

(vo) Those contzining one or more hydroxyl ercups, such as alcohols 

and phenols, 

(c) Scidie comrmunds, such as Fyirogen cvanide, byerozen vromiic and 

HypGeGrror0uSs aAcic,, DIt7 tT the carboxylic acids. 

(d) Ketones ani aldel yjes having a -CH-, “Hy-, or -CH, eroup ad- 

jacent to the carbonyl froup. 

These and many other classes of caonoun’s underro cyanoethylation 
But of primary intereat Were arc frouss (a) ani (b) anove, sinse tec 
Sonvound under consideration fits Gotl of tese cate ories havin, both 
an -NHo froun and an acicic hyrrogen other t:ay carboxylic. 

Some cyanecthylation reactions oroceed wits:ovt the aid of a caralyst, 
but most require an alkaline catalyst and a few require acidic catalysts. 
Useful catalysts 2re oxides, lyuroxites, alkovides, hydrides, and arides 
of sodium and potassium; the strongly vasic quaternary ammonitm hyire xides, 

Bana eanecememn "Cases se ncCeLlC, “Ssetivric, or oxalic acit. 


In general, anines add more readily to acrylonitrile than do other 
I 





classes of compounds. Primary amines may react with two moles of acry- 
lonitrile. Low temperatures favor the addition of one mole of amine while 
high temperature with an excess of acrylonitrile favors the addition to a 
second molecule of seerioni Uri Tee 

The cyanoethylation reaction is reversible to the extent that many 
cyanoethylated compounds, when heated near their boiline po‘nts, will de- 
compose to the starting compound and acrylonitrile or its So enis. 


Briefly, the scheme of synthesis at the outset was as follows: 


CHa CHLCN 
N — N — NO 
| Do NH as eerie: Cota es \ Pa 
N—N* nae 


followed by: 


x _ CH. CH2CN 

ale - <j Ne 
| ponte + CHG oS are \ CNH CHCH, cm 
ae N — 7 


first replacing the labile hydrogen of the acid, and next attenpting 
to put a second molecule of acrylonitrile onto the amine eroup. 

The first sudstitition was expected to give two ‘isomeric forms of 
the addition product corresnonceine to addition at the l- and ?- positions 


of the 5 aminotetrazole. 





II. EXPERIMENTAL 

(1) To a three necked flask fitted with stirrer, thermometer, and re- 
flux condenser was added 1.1 mole of 5 amino tetrazole and 9.12 mole of 
acrylonitrile. Two drops of 50% sodium hydroxide in water were added 
and the mixture heated at reflux temoerature for a period of four hours. 
hO increase in temperature was observed upon mixing of the reactants and 
none after reflux temperature was reached. This indicated that no detect- 
able reaction had taken place. The mixture rerained heteroreneots through- 
out thre period of reflux. The mixture was allowed to stand in the flask 
over the week end, after which the solid remaining in the flask was re- 
crystallized from isopropyl alcohol. The crystals obtained melted 198°C, 
the meltinr point of 5 amino tetrazole, and a mixed melting voint with 
pure 5 amino tetrazole eave no derression in the observed meltine poirt. 
Lonrer periods of reflux alsc failed te yield any detectable addition 
product. The recovered 5 amino tetrazole in each case very nearly 
equalled the amount added at the berirnning. 

(2) Tr the second attenot to bring about the addition of the S amino 
tetrazole to acrylonitrile all the conditiors remained tre same as in 

(1) with the exception of the substitution of a small amount of sodiun 
ethoxide for the sodium hydroxide. The results in this experiment were 
the same as those in (1), ‘Sodium ethoxide was considered as a catalyst 
mecause of its oartially oreanic nature, frivinre it sreater solubility in 
the reagents used. The sodiun etltoxide was freshly prepared from voure 
sodium and absolute ethvl alcotol, 

(3) Experiment number (1) was repeated usine increased wantities of 
aqueous socium hydroxide as catalyst. <ro- the reaction procuct a small 
amount of material was recovered meltins in the range |? ane Recause 
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of its low meltinre point it seemed unlikely that this ecmpound was the 
sodium salt of 5 amino tetrazole. However, further investig-tion, in- 
cluding reconversicn to and recovery of the original 5S arino tetrazole, 
proved this comncund to be the sodium salt of the scid. To exlain the 
low, sharp meltines point, it was consi'‘ered that tne salt must contain suf- 
mie ent. Walter O18 Cryar qd) lization to brine an0ut its ownrdissoleiion ae 
about 50°C. This theory is borne out by the fact that after reachine 

more elevated temperatures (avout 90°C) the melt apain becomes solid and 
ex}ibits the behavior usually associated with the sodium salts of orranic 
acics. 

().) Since sodium ethoxide and sodium hydroxide had been ineffective in 
catalyzing the reaction, it was decided rext to try one of the stronely 
basic quaternary ammonium hydroxides. Since none of these were available 
it was necessary to prepare the hydroxide frm the cliorine of one of the 
quaternary amronium compouncs, To accorvlish this, a stoichiometric amount 
of silver oxide was added, with heating and ct'rrine, to an aqueous solution 
of tetramethyl amnoniun chloride until precinitit' on of tne silver halide 
was complete. The insolitle silver salt was then filtered off ard the 
BovCcOUS Gelur.on of the tetramethyl ammoniia hycrcexice was evaporated te 

as near dryness as was practicable fthe quaternary ammonium hycroxides are 
hyproscopic). Next, the exoeriment of pararraph (1) was repeated, this 
{ime usine a small amount of the tetramethyl ammonium hycroxide in nlace 
Ome che Socium hydroxide as catalyst. Reflux was allowed to continve until 
tre mixture became homorereous. Ttis required amut one hour. ('‘n pre-e 
vious runs solution of the 5 amino tetrazole was never accomplished). Upon 
cooling, the reaction m xture solidified. Yecrvstallization from isooroowl 
alcohol vielded crystals melting in the ramre eimeoe C), {he corpound 


ly 





formed was found to be neutral (no reaction with sodium hydroxide as indi- 
cated by pnenolst trhlein) indicating that addition had taken nlace at the 
one or the two vosition of the 5 amino tetrazole. .ince the reactants 
had been present in approximately stoichiometric armcunts, and since, 

based unon the monosubstiti.tec derivative, the yield was slightly better 
than ninety percent, it was concluded that the compound obtained }.a} the 


Rollowing poosigic struc ures: 


1 Seay a See 
y . 
NN” N= N~ 


xepeated recrystallization failed to give any compound melting ovts ide the 
range of g°-96°C, tiat if, mo isomeric forms were separated, 

(S) Upon obtaining the comnound described in section (i) the sane re- 
actants were subjected to the same conditicns with the exception that 
acetonitrile was substituted for acrylonitrile, and that the refluxing 

was carried out for several Lours instead of one hour. Cubjected to 

these conditions the 5 amino tetrazole was recovered unchanged, indicatine 
that the reaction product of the previous experiment was due solely te the 
presence of acrylonitrile. ‘ubsequert hydrolysis of the reaction oro uct 
melt'rp at 9h°-94°C yielded an acid and ammonia, indicatine that the -CN 
rroun had remained unchaneed in the reaction of section (4) and was a part 
of the nrodi:ct molecule. 

(€) The reaction of (4) was reneated usine the same reactants but with 
0.21, moles of acrylonitrile and with reflux time extended to a »veriod of 


four hours. The resulting reaction mixture was extracted with four 25 mi. 


vorttons of cichloroctt ane (acrylonitrile nolwmer is only verv sliphtly 
soluble in a Vonin coe th aeaen Ihe dich.loroctl ane was ther extracted wi tr 
col: water. -rom the water extract there wis ottained crystels nelting 

at Oh-96°C. trom the dict lorethane, after evinoration, there was obtained 
a quantity of clear, viscous oil. The crystals /“4,~>. oh-2f°C) were identi- 
cal witn those of (lh). cutsequent experiments slowed the amount of oil 
obtained in this reaction was vroportional to the time of refli.x and the 
excess of acrylonitrile in the reaction mixture. After reflux times of 
the order of 20 hours no crystals melting at Gh-2£°C were recoverable from 
mae reaction gaxvture.  Usen stencinre, usualiy for a oeriod of “aver tigive 
Waye, crystallization beyins in the oil, renderine 1t o x1qui. ~vmeeea) 
crewth proceeds very slowly ani attemot. to sepirate oil mi crvstus met 
wity ta‘lure for the most nart. Seoariiiom was fi:railv accorinli. hed in 
ane case after an extended time hai allowed ecrvstil ercwt! tc proceed to 
the extent that the oil coulc be washed away from the erbcddec crystils 
mth cold acetonitrile s:thevut eissoiving the ervstils. ven i: this case 
the crystals were reduced to aporodrately one bFalf their oririna: size 
befcre being er.tirely freed of the oil. The crvstials obtainec melted in 
the ranre 116-11 9°. 

Acrylonitrile slus catalyst refluxed for extended oeriods vielced a noly- 
mer of acrvlonitrile wiose properties were not sim-lar to those of the oil 
obtained in this reaction. A s- cond mnof the sare reaction sis made 
using an amount of acrylonitrile basec unon aiditior of the * arince tetra- 
zole to two rolecules of acrylonitrile. °: th» acrvloritrile was removed 
bv the renct’on a voint was reid ed where the temperature wittin the flask 


Beran towrice well a .0ve the Doilime d-int of acrvloritriic ang t'.c mixture 





aecor.posed rapidly, extrudinr itself un through and out of the reflux 
condenser onto the Lavoratory table, fms action is characteristic on 
cvanoethylated amine rroups. 

(7) Since certain heterocyclic corpounis add te acrylonitrile by the in- 
fluence of acid catalysts, it was decifled to try reactine the product ob- 
tained in (1,) with acrylonitrile using clacial acetic acid as tle catalysts. 
The same provortions and same conditions as in ‘1) were used excent that 
five drops of elacial acetic acid was substit. ted for the tetramethyl anmon- 
ium hydroxide. After a period of refluxing in excess of eight hcurs, the 

S amino tetrazole was recovered unchan<ed, 

(8) Into a thick walled tube was placed ).1 mole of the reaction vrocuct 
Or (li) (42°) O-96°C), and 15 ml. of acrylonitrile, five drops ofeelacie 
acetic acid was added and tlhe contents chilled in a dry ice-acetone mixture, 
The tube was then evacuated and the tube sealed. Ihe tube was maintained 
at a temperature of 120°C for two davs, after which time the oripinally 
heteroreneous mixture was homogerecus. The reaction mixture was ex- 

tracted ceveral times with ethylene cictloride which, when evaporated, 
Fielded a quantity of viscous oil. !o urreacted material melting at 

9h-9f°C was recovered. 

(9) A quantity of S amino tetrazole was nevtralized with sodium lycrox- 
mee, the solution evianorated and t'.e crystils dried in an oven at 199°C 

for five Fours. A wer th mole of the socium sa.t, ),.2 mole of acrylo- 
nitrile, and a smail amount of tetramethyl ammonium hycroxide were nilaced 

in a three necxed flask fittec with stirrer, thermometer, and reflux con- 
denser. The mixture was refluxed for a neriod of ten hours, after which 


time the reaction nixture had ~ecome homoveneonus. The reaction mixture 





was dissolved in water and a tenth mole of Ags0 3 in distilled water was 


acddec, yielding a dense, vellowish vrecinvitate. ‘The precinitate was 
dried, eround, and wished with a large volume of cistilled water several 
tines. lhe salt was then treated with hycrogen sulfide until conversion 
to silver sulfide was complete. The mixture was ther filtered and the 


fottrate evaporated, yielcing a clear, viccous o11 with acidic prodcr cia, 








III] URARACTERI ZATION 

The first attennts to characterize reaction vroducts were cirecied 
toward the compound resulting from (lh) of the previous section. The com- 
pound was neutral; therefore, if cyanoetiI ylation tad taken place, a cvano- 
ethyl group rust have pone into the le or 2=- position, replacing the 


acidic hydrogen: 


CH, CHLON 
CH, CHLCN ' 
Nol a NS 
Ho SCN, OR | Dann 
na ae N= N 


‘feactions carried out in an attempt to characterize the compound follow. 
(1) Eydrolysis of the compound with sodium Lycroxide yielded amnonia anc an 


@eic, Ineicating a -CN proup vresent if the molecule, 


Hf 
CH, tH, CN CH, CH, C.n3 
oa | |< eee ML 
| ZONK, + Na@OH+H,O —— » | CNH. + NH, 
N Beas aN 


Attemots were made to isolate the free acid resulting from treatrent of 
the hvdrolysis mixture with hydrochloric acid, mt without success, ire 
acid appeared to be very watcr soluble. The hycrelysis orocduct, when 
wreatved with phenacy! bromide, * yielded 2 compoun? relting at 22)°O after 


Pao recrystallizations, indicating the presence of the sodium Salt of a 


Barvoxylic asic in the hycroivsis product: 


ep Ge” 0 
N- N\. oe 4X 
i ye NR, Be Br CHC (4 Seat any 
a NO ‘ 
O 
i. oe CH CA 
PI oe ee, a L x 
‘\ 
7 N-— N 
Ate \\ 
Hy = NN 
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(2) Since the free acid of the previous hydrolysis wis not isolated, it 
Was Gecicec to carry out a hydrelysis usirg an accurately weiphed quantity 
of the pure comoounc resulting fror (lh), Section TI, while followine the 

pH closely throurhout the hycrolvsis. ‘“tandard base was added in half 
milliiater incremerts to the comm und until the pF of tle solution as 
measured by a connarator rose temporarily above a value of eleven, there- 
after base was added tw drops it a time until a verminent rise in oH above 
eleven was observec. This procedure required two days am yielded a 


value of molecular-weistt for the comoound equivalent to the exptected 


formul2: aye N 
é 
ee Ha FoRMuULA Weight 2 fee 
bia Nas 
W CNH, DeteRminveo 34 
oo 
Ne 


(3) The compound rave a positive | insberp test for primary amine and re- 
acted with benzoyl chloride to give a compound melting at 179-1%0° after 
two recrystallizations, incicatinr that the corpour was a primary amine. 
(4) In an attempt to gain further confirmation of the molecular weight, 
one grar of the corpound was pl-ced in dry ether along with two prams of 
thioglycolic acid and the m‘xture was treated with dry hydroven chloride 


mich was penerated by the action of sulfvric acid on calcium chloride and 
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Maen cried by passage throug). 2 calcium chloride tude: HH 
t\ € Py 
tN che HS on 
N—wN. ve | ee NN OH 
14 wu, + gee ee, +H eee CNW, 
i / 
oN N— NN” 


The resulting comsoun , obtainel in pood vicie, was filtered, washed with 


Beieieether, and sliced in’a vacua vy decicei.ar containine sulfuric achaaimn 


LO 





the Dottom anc paraffin and potassium ryroxide in the too to renove the 
Hast traces of acid and eter, ¢tber tee: t teu, hourssin ted cee 
cator, the comnound was titrated wit! star. ard nase and rave 2 nei.trrli- 
gation em.ivalent of 293 instead of the exoected 133 (1 of 276.7 since the 
product should have acted as a dibasic acic). This behavior is x0#sible 


ene considers tre nossisility elet.e Voriiaamw of 4.00 ee ei 


NH-Hel NH Hel 
CH, CH, se : 50 CH CHC coy me 
es Ny Cie be N — N l 
ii NH. > i a —. + i aie 
N - KY Nees wi / al 
NY wl = 24 8.7 


iis would account for tie monoozsie character anc the discresaye. o7 
(F.0). 

(5) Cne gram of the susnected monosunsti tuted pro iluct was olaced it a 
Siscx With one fram of berzoy! ci loride and teonts# “ail liliter® oF diy 
Beazene amd the mixture refluved for fifteen minis. Upper Coolie 
euantity of crystals were obtained which upon recrystallization yielded a 


‘ ty 
comaound meltine at 178-129 C. 


CH.CHLCN 
\ 


N a N if hie Oty i e. 

\ ae ~~ 7 pee: bee 
| Sa + cl-c - 7 iis F a \ \ 
N-N” LV eo * YY 


a Bb | 


The purpose of this reaction was to atternt to find a com>cornd which upon 
hydrolysis of the nitrile vroun would five an acid which micht be isolated 
fer a molecular woight determination. 

(6) No procuct was ortained with the attempted reect on of the comoni nd 
with phenyl isothiocyinate. 


(7) Next attempts to isolate and characterize 4 comosnum fro the oil 


PAL 





resuitine [ro the extenced reaction of the S=-amino vetrizole and acrylo- 
nitrile were carried ott. Many attempts were mace tc isolate 1 pure com- 
pounca Tro: the oi). 

These attempts inciuded: 

(a) an attempted vacuum distillation, which remilted cniy in the 
deco"position of the orod.ct before any distillate was optainecd. (N-sub- 
stituted procusts of cyanoethylation characteristica.ly deceomoose near 
Ener SOLLIne (one ae 

(b) construction of a simple molecular still utilizing an outer 
vacuum jacket and an inner finger filled with drv ice and acetone and 
seo irated a distance of one-half centimeter frov the oil within tre outer 
jacket. tseof this aovaratus resulted in no anpreciable seviration. 

(c) extraction witt various solvents. Ethylene dic’ lori ie cx- 
traction yielded a clear, colorless oil whicl may have veen a relatively 
pure comoound. 

Resctions carried out in an attemot to identify a connound from the 
oil follow: 
fl) Formation of a picrate. No crystals were obtained whena portion of 
the oil was heated with a saturated solution of dicric acid in etlarol. 
(2) ho erystils were obtained when an attemot was nade to react a ~wrtion 
of the oj1 with nethyl iodide to pive the quaternary armonium salt. 

(3) The basic hyirolysis of the oil yielded ammonia and an acid. 
(ii) FPeaction of the oil with thioglycolic acid and cry hyirover c’ lorie 
yielded a soli? which, after 2h hours in the vacuum vesic-ator ‘ave 4 


neutralization equivalent of 1h7. This is equivalert to the compounce: 


LZ 


NH Hcl 
0 
See 


Vaan 
a. 


| UNH hal 
Oneceeoe 


CH Uineee 
\ 


N= N* 
“SCH, Cr oy 


(S) An attemot to react the oil with oernzoy) crloride yielced no crystal- 


line product. 





IV INTERPRETATION AND SUGGESTIONS 

Based uvon the evidence of the vrevious section, it would seem 
reasonabiy safe to conclude that 5 arino tetrazole acds to one molemle 
of acrylonitrile readily under the influence of a .uaternary ammontiun 
hydroxide catalyst and tterefore that the comnound obtained in (hh) of 


section I] has the formula: 


CH, CH, CN 
N - box 
\\ CoN (or THE Two Pore | 
N= NZ 


Since fac‘ lities for an elemental analysis were not available, none wis 
accorplished, however, this would be a decidirie ‘actor in the ¢namacver 
zation if means were at hand to obtain such an analysis. 

As for the compound resulting from addition to two molecules of 


acrylonitrile: 


Aico 4, CH 
N= tke 
vy aN 4“ 


the reaction with thiorlycolic acid ard hyircrens loride nodes to its 
presence in the oil, bt is not cencil.sive. The fact that no reaction 
hypical of primary amines could be accomplished with the 0117s in@tcavi 
of some change in the amine proun. 

In connection with attempts to form tie dicyanoethvlated product, 
where the reaction product is an cil insteai of crystulline, it would be 
immensely helpful to have available an instrument such as the infrared 
snectrophotometer to pive a quick indication of the introduction of new 


functional groups into the molecrle. 


lh 





More reactions micht be carried out, such as attempting to deriva- 
tize the oil to give a solid comnound by attacking the amine group, then 
hydrolysing the -CN group to an acid and thereby obtaining a compound 
from which a molecular weight deterrination might be made. 

The oil obtained from (9) Section II by reacting the sodium salt 
of 5 amino tetrazole with acrylonitrile and isolating the procuct through 


the silver salt indicates that the comvoound: 
Na 
' 
No=-W 


: SGN CH, CA, CN 
N oN” 4 


is formed by the reaction. Reaction of the free acid with another mole- 


cule of acrylonitrile should easily give the comnound: 


Ca, CH, ON 
N - Ni 
\ @-N- CH, CHL CN 
NN 
A molecular weight determination mirht be achieved by recovering the 


Silver sulfide from the treatment of an accurately weighed sdmole of the 


silver salt with hydroren sulfide. 


15 











BLL TOCKA PHY 
R. Adams, irvanic Reactions, Volume V, John wiley & Sons, 19h9. 


R. uw. Shriner and 7. C. tuson, The Systematic Identification of 
Crranic Sompounds, Jotn wiley & Sons, 16)%, 


Condo, Hinkle, Fassero, and Shriner, J. Am. Chem. Soc. 59, 230, 


(1937) 





C. R. Noller, Chemistry of Organic Compounds, W. 3. Saunders ‘o., 
Loe ie 


16 




















4 = =©thesH2925 
The cyanoetylation of 5 amino tetrazole. 


UNNI INIAII 


3 2768 002 08239 8 
DUDLEY KNOX LIBRARY 






